University Of Wales Trinity St David
School Of Engineering

Final Report
Group Project – M5X00400
Owain Phillips, Christian Parry
1809853, 1808165
25/03/2020


Contents
Introduction	1
1.1	Aims	1
2	Project Organisation:	1
Methodology	2
3	Owain Phillips	2
3.1	Preliminary research:	2
3.2	Driver out the loop testing	2
3.3	Driver in the loop testing	3
3.4	Gear Ratios	3
3.5	Suspension	4
4	Christian Parry:	5
4.1	Work Carried out	5
4.2	Research	6
4.3	Testing	7
4.4	Development/testing	10
4.5	Analysis	13
5	Progress compared to initial timing plan	15
6	Review of success’ and failures of the project	16
7	References	17



[bookmark: _GoBack]
2


[bookmark: _Toc35978598]Introduction
[bookmark: _Toc35978599]Aims
The aim of the group project is to produce a theoretical design for an electrically powered single seater hill climb car to compete within the new hill climb regulations for the 2019 season. The project is based from an old formula 3 tub used my Jacques Villeneuve, this is the only physical part of the car we have to work around, everything else will be designed to fit within the constraints of the tub. The main objective of the project is to create a fully functioning car that will be competitive not only its own class but overall as well. Success will be measured on the base performance simulator package by creating an in-depth model of the car and testing it on various circuits and hill climb tracks.

[bookmark: _Toc35978600]Project Organisation: 
There are a total of 4 independent teams within the whole group, they are as follows; aerodynamics, chassis and suspension, powertrain, and finally simulation. I am part of the simulation group along with Christian Parry. As there are only 2 members of the simulation group it was fairly easy to split tasks and assign roles.
The specific roles are split as follows: 
	Owain Phillips
	Christian Parry

	Running the ‘driver out the loop’ simulations using Optimum G lap Simulator
	Running and modifying the model in Base performance Simulator software

	Researching all required inputs to create a fully functioning model in Base Performance Simulator software
	Test driving the model in ‘driver in the loop testing’

	Implement suspension dimensions into Rfactor model
	Leading the overall direction of the simulation and communicating between other groups





[bookmark: _Toc35978601]Methodology
[bookmark: _Toc35978602]Owain Phillips
[bookmark: _Toc35978603]Preliminary research:
The first thing to do as the simulation group was to research how to use various software packages and obtain information needed to create a working model in these software packages. My area was beginning to look at driver out the loop testing using OptimumG lap sim, so I researched how this software works and what data was needed to start doing some sweep runs changing various factors such as mass, grip, downforce, drag and power. The OptimumG software is a point mass, quasi-steady state model. This means the mass of the model is based from one single point, moments of inertia are not taken into account so there is no distribution of mass in the dimensions of the vehicle. This makes it very simple and thus means the software may give a good estimation of lap times for most conditions, but it is not complex enough to have a good understanding of the dynamics of the vehicle throughout the runs and there for will not be entirely representative of how suspensions setups, centre of pressure and centre of mass will affect the vehicles performance. Quasi-steady state means that the model is very nearly in a steady state condition, the varying change in conditions are so small that they are considered negligible. This again just adds to the simplicity of the model.
[bookmark: _Toc35978604]Driver out the loop testing
The next task was to do some preliminary testing of an open wheel formula 1 style car on OptimumG Lap simulator. The track used for these initial sweeps was Pembrey race circuit, this was chosen as it was already modelled into the software and being local it was easy to contextualise the results. To start, 5 sweep runs were done. The factors were changed independently of each other to allow for simpler interpretation of each change. These factors were power, mass, grip scaling factor, lift and drag. The rest of the vehicle’s parameters were kept constant from the 2012 formula 1 car model. The sweeps were run where the initial factor was increased by 15% in 5% increments then decreased to 85% in same increments. The results showed that the grip scaling factor made the biggest difference of 2.7 second reduction in lap time, the mass made the next biggest difference with a 2 second reduction followed by lift, power and drag. So it was clear to see the biggest targets were reducing the weight as much as possible and increasing the mechanical grip. It must be noted that these results may have been very different if a hill climb track was used as Pembrey has very little elevation changes.


[bookmark: _Toc35978605]Driver in the loop testing
After these initial sweeps were run, the next thing we did was start to use the Base Performance Simulator with Rfactor to create a more in-depth model of the car that could be constantly updated throughout the developments made by each group. For the most part there would be no more driver out the loop testing and we would mover over to driver in the loop testing, this has some flaws as consistency varies massively when human error is involved, in a perfect world you would have a professional driver but obviously this was not possible. The obvious upside to this type of testing is being able to feel what the cars behaviour is like, we could find out the same results from using vehicle dynamics equations in a software package like Motec, but a driver is able to quickly feel and explain what the car is doing and how potentially to improve it. 
Instead of creating a vehicle model from scratch which would have been very time consuming and would have a required a broad and deep understanding of the software, we chose a current model as a base that we could then modify to fit our own requirement. The chosen model was a generation-1 Formula E car, this was because of the electric powertrain and similarities in the design of the vehicle being open wheel.
[bookmark: _Toc35978606]Gear Ratios
The first element of the model that I was in charge of was setting initial gear ratios, I did this quite crudely to begin with before we were given properly calculated ratios from the powertrain group. The target top speed was roughly 145mph so I went into the gears file of the model and set a few different ratios based off of my own understanding. We then did some on track testing using redline of each gear to see which ratio was most appropriate. During this testing period an issue was raised such that the engine speed would keep increasing under power but the wheel speed would not match this, so I figured the clutch was slipping because of the amount of power being transmitted from the motor. The figure for clutch torque was set at around 500, I assumed the units to be Nm and set the value to 1200 as the predicted torque from the motor was around 1000Nm. This fixed the issue and we could then focus on setting the gear ratios. The final gear ratio choice ended up being slightly over the target top speed at around 155mph. It was later decided that the car would be single speed and just have a final drive ratio in the differential. This ratio was then just modified such that the individual gear ratio was set at 1 and the final drive ratio was adjusted to have the same top speed as before. Once the powertrain group had given us their own set of ratios, the same process was followed whereby the ratios were inserted into the gear file and the model was then tested on track to ensure no unforeseen issues had occurred. This final ratio was 1.8:1.

[bookmark: _Toc35978607]Suspension
[image: ]The final and arguably most important element of the model was the suspension as this ties everything together and allows final tuning of the vehicle to take place. As this came quite late in the modelling process before hand, we were just using the standard Formula E suspension setups. Before I could actually start inputting data and dimensions into the model, I had to learn how to interpret the numbers from the suspension file of the model and input them into Wingeo3 suspension software. This would give a clear picture of the current setup and allow me to more easily understand the changed being made by the chassis and suspension group. I had many difficulties with this because I had to relearn the wingeo3 software and then create an excel spreadsheet which converted the X,Y,Z coordinates from the suspension file into the wingeo3 coordinates because they were not the same parameters as each other. First of all the units in Wingeo3 are millimetres, whereas in the suspension file they are in metres, this was an easy enough conversion to do. While in Wingeo3, the coordinate system is X=fore-aft, Y=horizontal position and Z=vertical position, the system is different in the Rfactor suspension file with X=horizontal position, Y=vertical position and Z=fore-aft. The excel spreadsheet I created is pictured below where each coordinate was converted so they were the same parameter and the units were changed.Figure 1 Excel suspension coordinate conversions


You can also see that the sign conventions were different, so in Rfactor, -ve was forwards relative to chassis mid-point, and Wingeo, -ve is rearwards in relation to the axles. I faced some issues when trying to input the data into the Wingeo3 software as I accidently selected the wrong base file, so all units were in inches whereas I expected them to be mm. Once I had corrected this issue I was able to start creating the suspension map based from the default Formula E model. The suspension type was pushrod double A-arm. 


[bookmark: _Toc35978608][bookmark: _Hlk35955969]Christian Parry:
[bookmark: _Toc35955741][bookmark: _Toc35978609]Work Carried out
The area of the project that I carried out, was simulator testing, using Base Performance Simulator software which runs off Rfactor. The work we carried out was crucial to this project as it meant we could simulate the design ideas of the other groups to see if they were viable or not. As part of the project I was driving in the simulator as well as editing the data within the simulator (sim) model. 
I started the project with a base formula E car model, supplied by Tim Tudor. To start with I played around with some of the sim model data which is in the HDV file, I started off by dropping the weight down from 900kg to 600kg, I also changed it to 4wd to see how it affected the handling; these 2 changes as well as getting used to driving in the sim reduced the lap time by 5 seconds. I then input the first iteration of motor into the model, this motor had 500nm of torque, it was quite an experimental one made on physics editor with very few data points and a steep lead in for the power, the motor reduced the lap time by a further 2 seconds. I then re-adjusted the weight of model by increasing it back up to 900kg as that was quoted as being the target weight for the project. I then Inserted the GP2 tyre data into the model, which reduced the lap time by a further 5 seconds again, by which point the model was now at a comparable time to a real-life counterpart. Then I set the weight bias as 40:60 as this was a figure that we all agreed on. We were given some aero data (Coefficient of lift: 1.035), which I then used to calculate figures that could be entered into the sim: 
[image: ]
Once they had been calculated, the aero package was entered into the sim. This changed the dynamics of the car dramatically, and I wasn’t happy with the aero package as it felt like we had lost all downforce, and the car was understeering in corners not turning in effectively. Despite this we updated the motor data again to the new Emrax motors the powertrain group had decided to use. I then mentioned to Tim Tudor my concerns about the lack of grip with the aero package installed. We looked through the model data and found in the HDV file that the wing locations were acting in completely the wrong places and was therefore creating a moment whereby the rear wing was producing more downforce than the front, whilst also being a lot further from the axle the downforce was meant to be acting upon; because of this the front was actually lifting, it was only the downforce from the front wing stopping the car from leaving the ground, at the front. I adjusted where the wings were acting upon and relocated them to act directly on the axles. Then we started testing at Harewood hillclimb instead of Pembrey. We found out that the Emrax motors I had modelled were incorrect because there were 2 of them so peak torque was actually 2000nm not the 1000nm of a single motor. With this motor installed I tested it and found that the car was simply undriveable as it had too much power. The amount of time spent on the accelerator was so little compared to before that the cars balance became upset, caused by being on the accelerator for short bursts and then braking heavily. It also just lit up the tyres as they struggled to cope with the grip available from the GP2 tyres, because of this and the fact that we weren’t sure during a project meeting whether the motors could be run at peak power for a prolonged time, the decision was made to just use the motors on the continuous power which was 1000nm total torque. I decided I wanted to see the difference a weight sweep (600kg to 1200kg) would make compared to the weight sweep I completed on Pembrey, once that was done I then adjusted the wheelbase and track width of the model to the dimensions given by chassis group, this instantly increased the driveability and handling of the car as it was a lot wider than the formula E data we were still using. Then I decided to test brake pressures as this was an area which was still holding the model back in terms of performance. Whilst testing these pressures I noticed that since I had set the wheelbase and track width, the tyres on the right hand side of the car kept locking up, to remedy this I had to adjust the vehicle wedge setting, which was biased to the right side for some reason, once this was adjusted the brakes worked evenly across each axle. The brakes were the last thing I managed to input into the model.

[bookmark: _Toc35955742][bookmark: _Toc35978610]Research
The research I carried out related to the times National A hillclimb cars were completing Harewood Hillclimb in, as I wanted to understand whether the sim model would be a competitive car in the real world. I also looked at the lap times around Pembrey to see If the car was competitive on the circuit that we were originally testing on, with a more primitive model.
The final lap time completed on Pembrey with the most developed model before we moved on to testing at Harewood Hillclimb was 43.117s this would be a new lap record at Pembrey as the unofficial lap record is currently held by Ayrton Senna who set a time of 44.43s, so we knew fairly early on that the sim model would be a competitive project if it were ever to be developed in real life.
Finally, the time set at Harewood with the most developed model, would also have set a record at Harewood, the current record there in real life is 49.13s the fastest time achieved with the sim model was a 45.77, however this was at a weight of 600kg which would have been unachievable, so the fastest time set at 700kg was 46.8 seconds which is still a lot quicker than the current record. 
Sources:
Pembrey lap record: (https://www.bing.com/videos/search?q=ayrton+senna+pembrey+lap&view=detail&mid=12AB80C5BBA3F231A2FD12AB80C5BBA3F231A2FD&FORM=VIRE , accessed 24/3/2020)
Harewood Lap record: 
( http://harewoodhillhistory.co.uk/blog/wp-content/uploads/2012/11/3158/26/results/results-2010-2019/results-2010/Results-2010-4th-July.pdf , accessed 24/3/2020) 
I also had to do some research on how to edit the HDV files, I found a good manual on the internet which walks you through step by step what each bit of the file relates to in the model:
(http://yoss.free.fr/rfactornfr/Modding_Tutorial_Website/PhysicsGlossary.shtml  , accessed 20/2/2020)
[bookmark: _Toc35955743][bookmark: _Toc35978611]Testing
Testing the simulator model, we started off on Pembrey Circuit, we then eventually moved onto testing at Harewood Hillclimb. We were testing the simulator model using base performance simulator, using the full single seater simulator at University as well as using a more rudimentary Thrustmaster steering wheel to make quick adjustments whilst at home. 
Whilst testing, we carried out a few “experiments” such as mass sweeps and aero sweeps, as well as general experimenting with the setups to see if we could improve the driveability of the model and decrease lap times. 
One of the first sweeps we did was on Pembrey where we complete an aero sweep by increasing the aero and decreasing the aero downforce by 10% each setting has 3 laps completed and then an average is taken so a total of 63 laps were completed:

 As can be seen changing the total downforce had a drastic effect on the overall lap time around Pembrey.

We also completed a mass sweep on Harewood Hillclimb, with the same testing procedure as before, 3 runs at each weight were completed and then an average was taken:

There is an anomaly for the 1100kg weight as the lap times drop, this is due to 1 of the 3 runs I completed being an absolute perfect lap which was a lot quicker than the other 2 laps therefore bringing the average down.
If we compare the difference the mass sweeps had on the 2 tracks, we thought the mass would have a greater effect at Harewood as there are hills involved but we were proven wrong:
[image: ]
The difference in lap times was massively different, this could be due to the fact that at Harewood a lot of time was spent braking,  with an average throttle position for the lap being 21% on the fastest lap, compare that to Pembrey where on the fastest lap the throttle position average is 61%, then that shows there is quite a difference between the 2 tracks. The 2 tracks are good to compare against each other because, despite them having completely different characteristics for example, Pembrey is completely flat with no elevation change with open flowing corners, and Harewood hillclimb has massive elevation changes and tight twisty corners, the lap times for both tracks are similar and both are used by hillclimb cars as Pembrey is used for Sprint events.
We also experimented with the lead in on the motors in the simulator to get a driveable model, with peak torque still being achieved not quite instantaneously as in a real-life electric motor but within 1000rpm going from 0Nm to 1000Nm. To input the data into the sim we used excel and a software package called physics editor, 2 motor packages were created 1 with fewer steps just to experiment with the lead in and another with more data points:
[image: ]

[image: ]


[bookmark: _Toc35978612]Development/testing
The design has gone through quite a few different iterations:
· Base car model formula E car
· 5 x iterations of the motor
· 2 x tyre models
· 2 x aero models
· Minimum weight changed numerous times throughout the project
· 5 x brake pressures
· 3 x gear ratios
· Weight bias changes 
· Brake bias changes
· Layout (wheelbase and track width) 



I created a table of how the changes affected lap times in chronological:
	Car modifications:
	Time around Pembrey:

	Base formula E car:
	58.687

	AWD and 600kg:
	50.124

	Emrax motors x 2/RWD
	48.818

	F2 Tyres/1 gear
	43.844

	F2 Tyres/5 gears
	43.244

	Weight sweeps: 600kg
	43.177

	700kg
	44.993

	800kg
	46.131

	900kg
	48.842

	1000kg
	50.483

	1100kg
	51.227

	1200kg
	51.747

	∆ Drag and aero
	47.5

	∆ Gear ratio
	47.238

	∆ Aero wing position 
	46.8



Then I re-ordered it so its in order of lap times:
	Car modifications:
	Time around Pembrey:

	Weight sweeps: 600kg
	43.177

	F2 Tyres/5 gears
	43.244

	F2 Tyres/1 gear
	43.844

	700kg
	44.993

	800kg
	46.131

	∆ Aero wing position 
	46.8

	∆ Gear ratio
	47.238

	∆ Drag and aero
	47.5

	Emrax motors x 2/RWD
	48.818

	900kg
	48.842

	AWD and 600kg:
	50.124

	1000kg
	50.483

	1100kg
	51.227

	1200kg
	51.747

	Base formula E car:
	58.687

	
	



The interesting thing from this table is the difference in lap times using 5 gears as opposed to using just 1 gear, this was worth over half a second. However it was chosen to stick with just a single gear, this would give a weight saving however as seen from the weight sweeps, its only increases of 100kg that make a drastic difference, so the weight of a gearbox wouldn’t have much of an effect. Looking at the chronological order the biggest alteration was changing the tyres from formula E tyres which are treaded to GP2 slicks which took 5 seconds off the lap time. 
We then started testing on Harewood a list of the changes made was:
	Car Modifications:
	Time around Harewood:

	First Lap
	49.863

	Mass sweep: Max
	49.3

	Mass sweep: Mid
	48.27

	Mass sweep: Min
	45.77

	∆ Motor lead in
	46.02

	∆ Motor x2
	46.51

	Final motor choice
	45.83

	Brakes: Min
	47.4

	Brakes: Mid
	46.32

	Brakes: Max
	45.89

	wheelbase/Track
	45.79



I then re-ordered this one into lap times as well: 
	Car Modifications:
	Time around Harewood:

	Mass sweep: Min
	45.77

	wheelbase/Track
	45.79

	Final motor choice
	45.83

	Brakes: Max
	45.89

	∆ Motor lead in
	46.02

	Brakes: Mid
	46.32

	∆ Motor x2
	46.51

	Brakes: Min
	47.4

	Mass sweep: Mid
	48.27

	Mass sweep: Max
	49.3

	First Lap
	49.863



The differences between lap times was reduced on Harewood as I had become used to driving the sim model by then. Much of the difference in lap times in the first few tests was just down to track knowledge, so I have only included data from the later tests where I was familiar with the track.
I’ve produced a graph of the changes in lap time for both Pembrey and Harewood so the change through development is easier to see:


From looking at the graph it may look as if the car got quick and then with changes slowed down, just from looking at the lap times, this is true, however running the car model in its final iteration the car was much easier to handle and consistently quick, whereas on some of the earlier tests the car was twitchy and very often I would lose control whilst testing it.
[bookmark: _Toc35978613]Analysis
To begin with, if we compare the aero data from the simulator to the data the aero group got from ANSYS. To start off with we entered the data the aero group gave us and got completely different results, this was due to the wing locations in the simulator model, so I had to go into the model and reposition the wings so that they were acting upon each axle. We then tested again and got similar results to the aero group and our predictions based on calculations. However, the final aero figures ended up having a large discrepancy, with the simulator producing more downforce than the aero group were getting from ANSYS. This was later found out to have been caused by the aero group running a different aero model in ANSYS, and due to a lack of communication on the aero groups part they hadn’t notified us of the change. 
The aero package that is modelled in the sim does correlate with the predicted loads I calculated:
Predicted loads at 160kph:				Front Left: 1640n	Rear Left: 2781n
Actual loads from base performance sim: 		Front Left: 1600n	Rear Left: 2823n


The difference in aero packages between the one we used in the sim and the last aero package aero group tested were:
	ANSYS
	Base Performance
	Difference:

	Speed (ms):
	Downforce (n):
	Speed (ms):
	Downforce (n):
	Speed (ms):
	Downforce (n):

	30
	1070
	28.89
	1595
	-1.11
	525

	65
	5000
	64.44
	7423
	-0.56
	2423



The aero package they were testing in ANSYS has reduced downforce at both low and high speeds. 
An area of the model where the Simulator testing mirrored the real-world calculations was in the brakes, whereby we tested a series of brake pressures and found the brakes weren’t capable of stopping the car effectively. Josh Lewis then gave us a brake pressure that he had calculated that he felt would work, we inputted the data into the sim and tested it and it was instantly more responsive under braking, it also produced the same G force under braking as he had calculated of around 2.1G.




[bookmark: _Toc35978614][bookmark: _Toc35964681][bookmark: _Toc35966099]Progress compared to initial timing planFigure 2 Gant Chart for planned progression throughout project

[bookmark: _Toc35966316][bookmark: _Toc35977647][bookmark: _Toc35978615]You can see from the gant chart in figure 2 that the initial plan was to have everything completed by beginning of March and just have final testing to continue with. This target was not successful as the model is not fully completed, the only thing left to do is finish the suspension modelling from the data that was meant to be given by the chassis and suspension group but I have not received the required dimensions and specification to be to do this. There were many missed targets along the timeline of the project, the first major setback being the implementation of the brakes into the model. This has only been finalised very recently and this has meant that throughout the testing periods the results may have been skewed by showing a slower time than could actually be achieved just though the braking phases alone.  The motor progression goal was also later than planned, the powertrain group finalised their choice recently and the correct data had been implemented into the model now. We have had trouble obtaining exact values for the aerodynamic features of the vehicle, the 1st package was inputted before the Christmas break, but the 2nd aero package has not been fully modelled onto the vehicle. Despite some setbacks the only real failure is the modelling of suspension which would have just finalised every groups designs and allowed for a more in-depth conclusion into the performance of the vehicle compared to the set targets.

[bookmark: _Toc35978616]Review of success’ and failures of the project
Overall the project was a success, the finished product is a design of a fully functioning electrically powered hill climb car based off a formula 3 tub. There were plenty of miscommunications throughout the project but this has to be expected when working within a group. Each group could have carried out more work and developed their ideas more so this could be interpreted as a failure of each group to maximise their potential for the project. The main areas to improve in terms of performance would be the aerodynamics package and the suspension setup. 

[bookmark: _Toc35978617]References
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Mass Sweep (Harewood)

Time (Seconds)	600	700	800	900	1000	1100	1200	45.766666666666673	46.800000000000004	47.633333333333326	48.266666666666673	48.800000000000004	48.6	49.300000000000004	Mass (KG)


Laptime (Seconds)




Time around Pembrey:	Base formula E car:	AWD and 600kg:	Emrax motors x 2/RWD	F2 Tyres/1 gear	F2 Tyres/5 gears	Weight sweeps: 600kg	700kg	800kg	900kg	1000kg	1100kg	1200kg	∆ Drag and aero	∆ Gear ratio	∆ Aero wing position 	58.686999999999998	50.124000000000002	48.817999999999998	43.844000000000001	43.244	43.177	44.993000000000002	46.131	48.841999999999999	50.482999999999997	51.226999999999997	51.747	47.5	47.238	46.8	Changes to model
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Time around Harewood:	First Lap	Mass sweep: Max	Mass sweep: Mid	Mass sweep: Min	∆ Motor lead in	∆ Motor x2	Final motor choice	Brakes: Min	Brakes: Mid	Brakes: Max	wheelbase/Track	49.863	49.3	48.27	45.77	46.02	46.51	45.83	47.4	46.32	45.89	45.79	Changes to model


Time (sec)



START DATE	Optimum G Lap Sim	Learning BPS software	Motor progression	1st Aero package	Gear ratios	Brakes	Tyre Model	2nd motor progression	2nd aero package	Suspension	Final testing	43747	43760	43767	43780	43804	43836	43846	43860	43869	43877	43893	DURATION (days)	Optimum G Lap Sim	Learning BPS software	Motor progression	1st Aero package	Gear ratios	Brakes	Tyre Model	2nd motor progression	2nd aero package	Suspension	Final testing	12	6	12	10	8	9	13	8	8	15	7	
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